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The 1991 Acquisition Research Symnosium is the latcst in a S€rics Of cuniuiclices
begun in 1972. These Symposia offer a dynamic forum for dialogue among key professionals
working on vital issues facing the acquisition community. Attendees include senior officials,
program managers, staff officers, and researchers from the Department of Defense, federal

civilian agencies, academia, and industry.

This year’s theme reflects the future innovation and implementation in the acquisition
process. "Acquisition for the Future - Imagination, Innovation, and Implementation” is the
prevailing theme discussed and examined throughout this publication. The papers included
cover the latest research and development as documented by individuals involved in the many

aspects of the acquisition process.

We invite you to take advantage of this publication, which expands upon Symposium
presentations and introduces new authors and topics. Please note that the views expressed are
those of the authors and do not necessarily reflect the views of the organization with wiiis

they are associated.
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ABSTRACT

Reliability, Availability, Maintainability Enhancement

of Communication-Electronic Systems (RAMECES)

Russell A. Vacante, Ph.D.
Kenneth H. Brockel

U.S. Army, Fort Monmouth, New Jersey

In the spirit of Total Quality Management,
and for the first time in the history of the
Communication-Electronics Command, Ft.
Monmouth an interdisciplinary task force has
been assembled to proactively identify,
evaluate and implement methodologies for
improving the Reliability, Maintainability and
Testability (RM&T) of Army
Communications-Electronic Systems.  The
RAMECES task force, the name give to this
endeavor, has been in existence since
September 1988. During initial brainstorming
sessions the task force targeted 99 RM&T
areas to be investigated for improvement. The
99 areas of interest have been divided into the
following three groups; improving RM&T
without increasing Operation & Support
(O&S) cost, the integration of software and
hardware RM&T requirements, and customer
satisfaction with fielded systems.

By focusing on lessons leamed from key
note speakers, representatives of government
and industry the interdisciplinary RAMECES
task force has developed both a philosophy
and methodology to be applied to target
programs. The approach adopted by the task
force is to "design in" RM&T requirements
during early stages of the acquisition life cycle.
By taking an interdisciplinary team approach
to problem solving, we have been able to
improve contractual language by encouraging
nse of state-of-the-art technology.

One way we have chosen to improve
contractual language is by modifying the
Command's Solicitation Preparation Manual
(SPM). The SPM has been altered to include
a clause requiring contractor's bidding on
Request for Proposals (RFP's) to use state-of-

the art technology. The RAMECES task force
has also developed a generic Full Scale
Engineering (FSE) package for soliciting
RFP’s, Statement of Works (SOW's) and
standardized guidance documentation that is
presently being applied to a target program.
From our discussion with key representatives
from government and industry, the task force
has sponsored a number of research projects.
These projects include efforts in VHDL,
VHSIC, and MIMIC technology, and the
creation of testability requirements.

The RAMECES task force has recognized
that software requirements are a driving force
and account for the preponderance of monies
being spent in the procurement of new
equipment and systems. To reflect recent
trend towards the integration of hardware and
software acquisition, the RAMECES task
force provided funds to the Product
Assurance and Test Directorate's support
contractor to: (1) develop a methodology
which assures that reliability requirements are
achievable with system software, and (2) to
compile a software test methodology
measuring and computing the reliability of
software under operational conditions. Other
software tasks are currently in progress. The
task force has also succeeded in improving
RM&T and reducing operational and support
cost by sponsoring developmental and
production efforts which encourage the
implementation of state-of-the-art technology.
Through efforts such as these the RAMECES
task force has set the pace for the
implementation of Total Quality Management
(TQM) at CECOM and possibly throughout
the U.S. Army.




Reliability, Availability, Maintainability Enhancement

of Communication-Electronic Systems (RAMECES)

Russell A, Vacante, Ph.D.
Kenneth H. Brockel

U.S. Army, Fort Monmouth, New Jersey

FORWARD

The RAMECES task force was created in
September 1988 for the primary purpose of
improving the way in which CECOM
contracts for Reliability, Maintainability and
Testability (RM&T). Although the task
force finds its home at Fort Monmouth,
many of the issues it addresses and the
experience it gains has the attention and
support of the AMC community.

During the Fall of 1988, Mr. Seymour J.
Lober, Deputy Chief of Staff for Product
Assurance, HQ AMC and Mr. Martin J.
Burger, then acting director of Product
Assurance and Test, discussed possible
methods for improving the RM&T of Amy
equipment. Shortly thereafter the Product
Assurance and Test Directorate developed
the RAMECES concept. After
approximately one year of activity CECOM's
Commanding General, Billy M. Thomas,
chartered the RAMECES task force on
August 11, 1989.

Originally the task force consisted of two
teams: the Hardware Tiger Team, established
on September 29, 1988, and the Software
Tiger Team established on October 25, 1989.
In December 1989 the two teams were
merged into the RAMECES task force in an
effort to streamline the work effort and in
recognition that hardware and software
issues recently have become Thighly
interdependent.

The thirty five member"interdisciplinary”
task force which consists of members from

both the research and development and
readiness communities, has adopted Total
Quality Management (TQM) as its working
philosophy. The RAMECES task force is
one of the earliest interdisciplinary, multi
command process action teams in the
U.S.Army assigned with the task of
addressing RM&T issues at the earliest point
and continuing through all phases of the life

cycle.

INTRODUCTION

In the pages that follow, the discussion
will focus upon the composition of the
RAMECES task force, the management tools
used by the task force to solve problems
associated with contract clauses and RM&T
requirements, and the approach the task
force has taken with respect to contracting
for the latter.

Also to be discussed are some of the
methods used to address RAMECES tasks
and some of the accomplisiiments of the task
force to date. Measures that have been taken
to enhance i.e., improve contract clauses and
requirements, will be talked about in some
detail as will be target programs which the
RAMECES task force has selected for trying
out recommended contractual revisions.

Obstacles that yet need to be over come
by the task force in the near future will be
part of the closing discussion of the paper so
as to point to the future role of RAMECES
at Ft. Monmouth and possibly throughout
the U.S. Army itself. Within this discussion




corrective actions for some of our persistent
problems will also be recommended.

GENERAL APPROACH TO SOLVING
PROBLEMS

The RAMECES task force has focused
most of its time and energy on establishing
realistic RM&T requirement of
communication electronic systems and
equipment carly in the life cycle. To begin
to accomplish this, it was necessary to ensure
that the RAMECES Task Force be
composed of representatives from both the
rzadiness and the research and development
communities at Fort Monmouth. The task
force  therefore, includes engineering,
support, quality assurance, logistic,
procurement and legal representation of the
readiness side of the house and from the
CECOM research and development centers.

Representation from the Laboratory
Command (LABCOM), Electronic
Technology & Device Laboratory and
Avionics Research & Development Activity
(AVRADA) research and development
activities are also part of the RAMECES task
force, thus providing us with abroad research
and development base. This 35 member task
force, which meets approximately six hours
every two weeks, has adopted a TQM
approach to problem solving and in doing so
has held rank in abeyance so as to facilitate
communication among task force members.
This approach has helped the task force
make improvements in contractual language
that is meaningful to both the managers and
technical personnel charged with tasks
associated with RM&T  contractual
requirements.

The task force, using TQM management
tools such as brainstorming, fish bone charts
and Pareto Analysis, identifies the RM&T
issues to be investigated, recommends when
appropriate necessary corrective action and a
plan of implementation. To date the
RAMECES task force has identified 99

RM&T subjects that warrant some degree of
investigation. Thirty three of these have had
been addressed by members of the task force.
The task and the status of accomplishments
taken with respect to these 33 RM&T issues
can be found in the five reports published
thus far by the task force.

The tasks addressed to date, include
RM&T contractual requirements from the
Concept and Exploration to the Production
phase of the acquisition cycle. Since the
task force has adopted the approach that
realistic RM&T requirements should be
designed into communication electronic
equipment, our time is increasingly devoted
to improving contractual language tasks
related to the preproduction life cycle
phases. It is the task force's contention,
contrary to one scholarly opinion, that our
efforts will result in long term improvements
in the reliability, maintainability and
testability of CECOM items which, in tumn,

should result in budget decreasesl. To
overcome the objections of this author who
suggests that contracting early for RM&T
requirements might result in increased
government spending, RAMECES has tied
RM&T contractual requirements to pilot
projects and historical data collected and
evaluated prior to implementing innovative
contractual language on a much larger scale.
What follows is a discussion of some
measures taken by the task force for
improving contractual language for RM&T
requirements. Included in this discussion
are some projects funded by RAMECES and
other related activities designed to ensure
RM&T  contractual requirements at
CECOM.

1J. Ronald Fox, The Defense Management Challenge,
Weapon Acquisition (Harvard Business School Press,
1988), p.48




IMPROVED CONTRACTUAL
LANGUAGE AND TARGET
PROGRAMS

One of the earliest and least complex
actions taken by the task force was the
inclusion into the Solicitation Preparation
Manual (SPM) of a clause which encourages
the utilization of state of the art technology
that has demonstrated some potential for
improving the RM&T of CECOM items.
This clause requests, "The offeror's (to)
specifically address perceived opportunities
for utilization of Very High Speed Integrated
Circuitry (VHSIC) and other advanced
technologies” and to perform a trade off
analysis to each alternative according to
performance, reliability and maintainability,
supportability, schedule, and cost (labor &
materiel) requirements.  This clause is
probably a contributing reason why VHSIC
technology has increasingly been offered by
CECOM contractors in response to Requests

for Proposals (RFPs).

The RAMECES task force has
developed and implemented or is in the
process of implementing numerous
Statement of Works (SOWSs) that are
designed to improve equipment and system
RM&T by ensuring that such matters are
implemented during the earlier phase of the
life cycle. We have developed SOWs for
thermal programs, reliability growth, step
stress testing, failure analysis procedures for
microelectronic devices, software reliability,
incoming inspection and even an SOW for
incentivizing reliability contractually.

In a related and parallel effort, the task
force has developed generic requirements to
be used during the engineering development
phase of the life cycle to enhance contract
language to ensure that RM&T requirements
are "designed into" CECOM items. These
requirements were specifically developed for
the Full Scale Engineering Development
(FSED) Phase of the Silent Fox program, a

pilot project of the RAMECES task force.
Currently, these requirements are being used
by our technical personnel as a template for
other FSED projects. These SOWs, that
were originally written for the Silent Fox
program, provide guidance to technical
personnel pertaining to quality assurance
and reliability programs, failure analysis
reporting, reliability modeling, allocation
and prediction criteria, maintainability
predications, review programs, etc.

Maintenance Directorate inputs for the
Silent Fox and other FSED programs inciude
contractor guidance for logistical support
analysis, provisioning, technical manuals,
technical manual requirements, test
requirement documentation and  unit
maintenance courses. Since these generic
requirements are intended as guidance
documents and not technical mandates for
insertion into FSED Request for Proposals
(RFPs), technical personnel are requested to
tailor the use of these requirements on a case
to case basis. The generic requirements,
which have been inserted into the Reliability
and Maintainability Acquisition Handbook
developed by the former Product Assurance
Directorate, = Fort  Monmouth  does
nevertheless, tell technical personnel how to
effectively contract for reliability and
maintainability.

Ir. addition to the Silent Fox program the
RAMECES task force has targeted other
programs for the purpose of affecting RM&T
requirements during the early phases of the
life cycle. In these instances, consideration
of improved technology at the earliest point
in the acquisition process for improving the
way CECOM contracts for RM&T has been
the objective. Lessons leamed from
SINCGARS and MSE are being applied to
programs such as the Modular Adaptive
Signal Sorter, the Common Module ELINT
Subsystem and the SINCGARS Data Rate
Adapter. In conjunction with ET&DI.
LABCOM, the RAMECES task force has
funded two new technologies that arc




currently part of the contractual
requirements for the previously mentioned
systems. The research effort with ET&DL
LABCOM is bringing us very - . =¢ to having
Parts Obsolescence Requirements defined by
VHSIC Hardware Description Language
(VHDL). Contractual language which
ensures that the functionality and structural
design of these research and development
cfforts will be provided or has been provided
to the appropriate project leaders. A second
endeavor we have with ET&DL LABCOM
has resulted in an SOW which demonstrates
that Built In Test (BIT) can be implemented
via integrated circuits into existing
microwave (MW) and millimeter (MMW)
circuity. This BIT technology can determine
the real time functionality of the
circuit/module/system under test.

The RAMECES task force has
technologically supported and funded
rescarch into Army Fault Tolerant
Architecture (AFTA). Working with the
Avionics Research and Development
Activity we have helped to sponsor a
conceptual study that is designed to ensure
the reliability, maintainability and testability
(among other things) of AFTA technology
for both air and ground vehicles. The SOW
the RAMECES task force has provided to
the contractor includes VHSIC Hardware
Description Language (VHDL), reliability,
maintainability, testability trade-off of
thermal design and device technology
(CMOS, NMOS, VHSIC) requirements. All
of which will help ensure that the RM&T
requirements of the AFTA program can be
determined within specified confidence
limits at the earliest stages of the life cycle.
RAMECES provided seed money to the
AFTA program that allowed a one year early
start to that program. Also, RAMECES was
directly responsible for developing a teaming
effort between AVSCOM and CECOM
development communities thereby saving
significant Army resources that would have
resulted from a duplication of tasks.

PROBLEMS ENCOUNTERED

At the time the RAMECES task force
was established, top level managers from
participating activities lent their full support
and provided representation at the biweekly
meetings in a consistent manner. With the
reorganization of CECOM for streamlining
purpose the priorities of the Command have
shifted and a number of new mangers have
taken on additional and different tasks and
employees. The issue we must to address
under these circumstances is how to prevent
the interruption of our tasks, which has the
potential of threatening RAMECES very
existence. This is a potential threat
whenever there is a command reorganization
or when individual players change their job
positions. The job of keeping the endeavors
of this task focused is complicated in our
environment of diminishing human and
financial resources since participation in task
force activities strains the resources of the
participating activitiecs. = Currently, these
issues are being worked by the Task Force
Leadership. Efforts are under way to revisit
all the directors in the command to identify
problems areas and seek organizational
support to achieve solutions to the resource
issues. Also, within RAMECES Task Force
individual "Stars" will continue to get letters
of appreciation and money awards in
support of their efforts. In the past "Two
Star" Letters were written by the CG,
CECOM in support of the program. We
expect that these and other personnel and
organizational motivation plans  will
continue to assure the success of
RAMECES.

The method by which RAMECES funds
projects is a persisted problem that needs to
be addressed by the top level managers of
the government. This problem persists due
to the inherit nature of how monies within
the government are allocated for specific
missions. The so called"color” of money has
inhibited the task force from taking
corrective action on contractual matters for




tasks tied to both readiness and research and
development efforts. For example, monies
provided from the readiness side of the
house cannot be used to reimburse research
and development efforts. The solution to
this problem is to establish clearly defined
research and development and readiness
funding lines for which RAMECES tagged
money can be applied. Source of this money
currently is provided through such funding
methods as taxing Project Managers,
laboratories and readiness accounts
established within CECOM. Once funding
lines have been established the RAMECES
mission to improve RM&T requirements by
enhancing contract language will be
achieved.

FUTURE GOALS

Establishing RM&T requirements early
during the acquisition life cycle will
continue to be a major thrust of the
RAMECES task force. Currently, the task
force is contemplating three approaches for
developing RM&T requirements early-on.
Soldiers and other users of CECOM
equipment will be invited to task force
meetings for the purpose of discussing
problem they might have encountered
operating CECOM equipment and items.
Lessons learned from these discussions and
demonstrations will be applied to future
procurements. Next, users will be invited to
work with designers during the research and
development phase, for the purpose of
determining whether or not designs created
with the aid of Computer Aided Design
(CAD) models meet their mission objectives
and are "user friendly." The RAMECES
task force is also in the process of
establishing an RM&T data base so that a
historical record of equipment performance
on CECOM items is be maintained which in
turn, will help us determine what RM&T
requirements we should impose on
procurements of the same or new technology.
Ways of acquiring field reliability data etc.,
as input to this data base are also being

investigated. Lastly, with the cooperation of
private industry, the task force will devise a
methodology for establishing a contractor
database so that past contractor performance
becomes part of the weighted factors for
award. In the interim, the task force will
incentivize RM&T requirements on target
programs for the purpose of stimulating
contractor interest and skill with regard to
this matter.

In summary, the RAMECES task force
has both short and long term goals for
improving the reliability, maintainability and
testability of CECOM items. The task force
efforts at achieving this endeavor will largely
depend upon continued management
support and commitment in providing both
human and financial resources in a
dependable manner. As indicated by this
brief discussion, RAMECES is taking a
proactive as opposed to a reactive stance to
"enhance contractual language” and thus
improve RM&T requirements. We will
continue to do the up-front planning and
implementation necessary to ensure that
RM&T requirement are designed-into
electronic equipment and systems procured
by CECOM. In working with both the users
and contractors of CECOM items we will
begin to establish a base line, as opposed to
a quick fix, for improving the way RM&T
requirements are contracted for at CECOM.
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STREAMLINING THE SOFTWARE
ACQUISITION PROCESS

William Arden, TELOS Corporation

Raymond Menell, Advanced Sofiware Technology Directorate
CECOM Center for Software Engineering

ABSTRACT

This paper discusses a universal approach to
the acquisition management of large software
systems. Results are derived from the Fort
Monmouth, New Jersey, U.S. Army
Communications-Electronics Command
(CECOM)/Industry Documentation Task
Force (DTF) and select CECOM Mission
Critical Defense System (MCDS)
acquisitions. The purpose of these results is
to eliminate unnecessary documentation while
allowing for improved visibility and control
over the systems under acquisition.

INTRODUCTION

The purpose of new practices in acquisition
ma~agement is to reduce cost while
maintaining or improving the visibility and
control during development, and providing
the necessary support documentation. This
paper examines approaches and practices that
have accomplished these objectives in the
category of Software MCDSs written in Ada
programming language.

GENERAL

The CECOM/Industry DTF was initiated with
SoftCon 89. A group of individuals from
Industry and CECOM, Fort Monmouth met
eight times over a one-year period. The
result of these meetings was a report [1] that
clarified problems and proposed solutions.
Some of the proposed solutions have been
implemented to various extents in the
U.S. Army acquisition process. These
solutions involved ongoing intcraction of
Software Specialists with Program
Managers. Preliminary findings point to
reduced documentation and cost while
improving visibility and control over projects
by Program Managers.

One example of the subject matter under
study is given by Table 1, which is a work
breakdown of one Computer Software
Configuration Item (CSCI).

Table 1 summarizes the efforts to prepare the
Software Design Document and Interface
Design Document and to support their

TABLE 1. WORK BREAKDOWN OF ONE CSCI - 20K LOC

PRELIMINARY DESIGN
DEVELOP PRELIMINARY DESIGN 9 MAN-MONTHS 43.0%
160PAGES  PREPARE PRELIMINARY SDD 4 MAN-MONTHS 19.0%
160 PAGES  PREPARE PRELIMINARY IDD 4 MAN-MONTHS 190%  38%FOR2167A DOC.
SUPPORT CSCI PDR 3 MAN-MONTHS 14.0%
IDENTIFY AND SUPPORT CSC 1 MAN-MONTH 5.0%
TEST REQUIREMENTS
TOTAL 21 MAN-MONTHS
DBTALLED DESIGN
DEVELOP DETAILED DESIGN 17 MAN-MONTHS 42.5%
20PAGES  PREPARE SDD 6 MAN-MONTHS 150%
200PAGES  PREPARE IDD $ MAN-MONTHS 125%  173% FOR 2167A DOC.
SUPPORT CSCI CDR 4 MAN-MONTHS 10.0%
PERFORM PROTOTYPING ON 4 MAN-MONTHS 100%
RISK AREAS
DEVELOP AND RECORD 4 MAN-MONTHS 10.0%
CSC AND CSU TESTS
TOTAL 40 MAN-MONTHS
NOQIE: | PG/4 HRS
SDD 400 PAGES
DD 360 PAGES




reviews. This represents 38 percent and
27.5 percent of the work for preliminary and
detailed design activities, respectively.

Figure 1 depicts the software documentation
cycle for systems development (see following
pages for Figures 1, 3, 4, and 5). It becomes
apparent that documentation is very costly,
both in time and in capital.
RECOMMENDATION

The following solutions are proposed for
addressing the problems outlined in the

preceding General Section. Essentally, two
key concepts are recommended:

1. Establishment and utilization of
Software Review Teams (SRTs)

SJ

Adcoptiza of a High-Level Software
Design Document (HLSDD) and
review.

Figure 2 depicts the informational capacity of

the SRT that promotes visibility and control
over the project.

(- (%€

+ SnEFmOos + TECHIOCAL SITERCHANGE MEETINGS (Thbs)
. mEPORTS + SOFTWARE DEVELQPMENT PLES (D)
- wEwcs . .
amaihts L I TOK G ATED AERe SENTATION
. AEPORTS
+ SOFTWARE DEVELOPMENT RLAN

FIGURE 2. TRANSITION OF
INFORMATION

Figure 3 proposes an alternative to the costly
iterative nature of design and documentation
as shown by Figure 1.

Figures 4 and 5 motivate the usage and
adoption of an HLSDD.

The relationship of Preliminary Design
Review (PDR) to the HLSDD is provided by
Table 2, while the contents of the HLSDD
are provided by Table 3.

TABLE 2. PRELIMINARY DESIGN
REVIEW (PDR) AND HLSDD

« A single PDR held at total software
system level-
- Early in development process
- High-Level Design

* HLSDD will be in plain-language,

hardcopy format and will specify:

- Hardware environment

- Software architecture

- Software Requirements Specifica-
tion (SRS) traceability to soft-
ware architecture

- External interface definition

- Man-Machine Interface

TABLE 3. HLSDD PRELIMINARY
DESIGN INFORMATION

Overall Static Architecture

BFA REUSE COMMON
UNIQUE LIBRARY APPLICATIONS

CASS REUSED GFE
SOFTWARE SOFTWARE

O/S | b| GRAPHICS | Ada/RTS COMM
- PACKAGE SOFTWARE
DISK | PROCESSOR { GRAPHICS COMM
DISPLAY | INTERFACE

CONCLUSION

Supporting evidence for adoption of the
proposed recommendations has arisen with
multiple U.S. Army acquisitions.
Meanwhile, certain pilot projects are using
these approaches. It is the hope of the
authors that unnecessary and overly costly
documentation for acquisitions will be deleted
from the Contract Delivery Requirements List
items and that SRT members will capture
necessary information in proactive and ad hoc
fashions.
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CONTRACTING IN THE
SOFTWARE ENGINEERING CRISIS

Mr. Dennis M. Bauman and Mr. Albert E. Jensen, The Naval Ocean Systems Center

ABSTRACT

The Department of Defense (DoD) is
currently experiencing extrcmely serious
problems with Software Engineering. As
weapons systems becume increasingly
more dependent upon the software
programs which they employ, it becomes
evermore apparent that DoD projects are
consistently late and over budget because
of software. To this end, software has
become the dominant risk to cost and
schedule and has caused the demise of
more than a few DoD development
projects.

The DoD repeatedly demonstrates
requisite experience to efficiently manage
the development of hardware. Hardware
development projects, for which the DoD
readily implements tried and proven
practices to systematically address all
aspects of the deveiopment, are relatively
risk free at their onset.

Software development projects, on the
other hand, are ofteatimes initiated
without the Dbenefit of similarly
institutionalized methodologies and
practices. Because an understanding of
proper Softwarc Engineering practice is
only now developing, standard,
well-accepted measures do not yet exist.
The DoD seems only to be scratching at
the surface of state-of-the-art software
engineering and herein lies the basis of
the problem.
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INTRODUCTION

Experience at the Naval Ocean Systems
Center has demonstrated that Software
Engineering plays an ever increasing, key
role in our ability to be successful,
responsive to sponsor requirements, and
competitive. Recent innovations in the
Software Engineering discipline promise to
reduce risks associated with this type of
development if we are able to effectively
adopt and utilize them. The Naval Ocean
Systems Center Technical Director has
made a major commitment of Center
resources by establishing the Software
Engineering Process Office, and
implementing plans to eventually reach
higher levels of process maturity. Only
through proactive measures such as this
can we, as a Center, continue to meet our
nmussion in this vital area. In fact, the
Software Engineering Crisis threatens our
reputation and thus, our continued work
in Navy systems.

The approach adopted by the Technical
Director only addresses part of the
problem, perhaps a minor part of the
problem. Most of the software developed
at this Center is developed by support
contractors. The average locally based
support contractor is incapable, without
substantial initial and sustained
investment, and sharply increased skill
levels, of performing the state-of-the-art
Software Engineering needed to reduce
the risks associated with software




development projects. In order for the
Naval Ocean Systems Center to be able to
take advantage of these new Software
Engineering Processes, our support
contractors must be motivated to become
partners with us by adopting the same
philosophies and taking similar proactive
measures to improve our Software
Engineering capabilities. Neither can do
it alone. As contractors improve their
ability to meet our needs for quality
software, our ability to serve the national
interest will be improved by awarding
contracts to those with the best capability.
To provide this motivation, we must give
our cor‘ractors an opportunity to compete
with one another with regard to modern
Software Engineering, and we therefore
need the tools with which to measure
Software Engineering competency. We
have them.

CAPABILITY ASSESSMENT

The Software Engineering Institute (SEI)
is a federally funded research and
development center, formed in 1984 in
response to the need for advances across
all phases of the Software Engineering
process. The SEI is a unit of Carnegie
Mellon University, under contract with the
DoD. Its mission, based upon an
assumption that sound engineering
processes lead to quality software, is to
influence rapid improvement of the quality
of operational software in mission-critical
computer systems, to accclerate the
reduction to practice of modern Software
Engineering techniques and methods, to
promulgate the use of modern techniques
and methods throughout the
mission-critical systems community, and to
establish <tandards of excellence for
Software Engineering practice.

12

ASSESSMENT TOOL

The SEI Technical Report "A Method for
Assessing  the  Software  Engineering
Capability of Contractors” dated
September 1987 provides us with a tool, as
its title implies, with which to assess the
Software Engincering Process Maturity of
our contractors. We found that the SEI
assessmient instrument can be used to
facilitate objective  and  consistent
assessments of the ability of potential
DoD contractors to deveiop scftware in
accordance with modern  Software
Engineering methods. This assessment
instrument is basically a questionnaire
calling only for ves or no answers to
questions based on the following premises:

- The quality of a software product
stems, in large part, from the quality of
the process used to create it.

- Software engineering is a process that
can be managed, measured, and
progressively improved.

- The quality of a software process is
affected by the technology used to support
it.

- The level of technology used in
software engineering should be
appropriate to the maturity of the process.

- Software products developed by
Coniravwois or DoD use are uacquired
under <contracts 1nvoking
DOD-STD-2167A,  Defense  System
Software Development, as tatlored for
each contract.

The SEI quastionnaire 15 arranyed so that
the capability to  perform  sottware
engineering is divided into three areas:




- Organization and resource
management,

- Software engineering process
and its management, and

- Tools and technology.

To provide a structure for assessment, five
levels of process maturity and two stages
of technology advancement have been
postulated:

Process Maturity Levels:

1 - Initial: The initial environment has
ill-defined procedures and controls. The
organization does not consistently apply
software engineering management to the
process, nor does it use modern tools and
technology. Level 1 organizations may
have serious cost and schedule problems.

2 - Repeatable: At Level 2, the
organization has generally learned to
manage costs and schedules, and the
process is now repeatable. The
organization uses standard methods and
practices for managing software
development activities such as cost and
estimating, scheduling, requirements
changes, code changes, and status reviews.

3 - Defined: In Level 3, the process is
well characterized and reasonably well
understood. The organization defines its
process in terms of software engineering
standards and methods, and it has made a

series of organizational and
methodological improvements.  These
specifically include design and code
reviews, training programs for

programmers and review leaders, and
increassd organizational focus on software
engineering. A major improvement in this
phase is the establishment and staffing of
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a Software Engineering Process Group
that focuses on the software engineering
process and the adequacy with which it is
implemented.

4 - Managed: In Level 4, the process is
not only understood but it is quar.tified,
measured, and reasonably well controlled.
The organization typically bases its
operating decisions on quantitative process
data, and conducts extensive analyses of
the data gathered during software
engineering reviews and tests. Tools are
used increasingly to control and manage
the design process as well as to support
data gathering and analysis. The
organization is learning to project
expected errors with reasonable accuracy.

S5 - Optimized: At Level 5,
organizations have not only achieved a
high degree of control over their process,
they have a major focus on improving and
optimizing its operation. This includes
more sophisticated analyses of the error
and cost data gathered during the process
as well as the introduction of
comprehensive error cause analysis and
prevention studies. The data on the
process are used iteratively to improve the

process and achieve optimum
performance. '
Software Technology Stages:
A - Inefficient: Multiple

implementations may be avaialble and the
practice may be in widespread use, but the

technology is no longer effective. An
organization that primarily employs
inefficient software development

technology is likely to be ineffective in
d~veloping software. Moreover, at this
technology stage some important software
engincering practices are not practical in
large complex developments.




B - Basic: Multiple implementations
are available, and they have been
demonstrated to be effective. An
organization that primarily employs basic
software development technologies is
likely to be moderately effective and,
depending upon the maturity of its
process, reasonably consistent in its
performance.

SEI Guidance

The SEI offers guidance for assessing the
capability of contractors, using the
assessment instrument. Such assessments
may be conducted either in the
pre-solicitation qualification process, in
the formal source selection process, or
both. This Software Capability Evaluation
(SCE) method should be used to augment
the many steps currently involved in
source selection. However, the
effectiveness of a SCE is critically
dependent on the process used in the
assessment and on the background and
training of the personnel conducting it.
Information contained in the document
itself providesthe SEI guidance for its use:

- When used as part of the formal DoD
systems acquisition process, the questions
are furnished, for information purposes, to
potential bidders with the Request for
Proposal (RFP).

- Answers to the assessment questions
are not submitted with the proposal, but
are provided to an assessment team that
visits each competing contractor during
the proposal evaluation period.

- Several days of classroom instruction
must be afforded each of the competing
contractors, to review the assessment
questionnaire in detail and discuss the
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materials and support tools that should be
available to demonstrate performance for
each question.

- The Government assessment team will
visit each competing contractor during the
evaluation period. Several major software
development projects, as agreed to by the
contractor and the assessment team, will
be assessed. A period of 5 to 4 days is
needed to review the questions, obtain
and discuss back-up material, demonstrate
support tools, and present conclusions. A
single assessment team should be used to
visit all of the competing firms to assure
consistent interpretation of both the
questions and the results.

- The assessment team must have a mix
of talents. A minimum of four
experienced professionals are required,
including those knowledgeable in the
software  development process, the
technology, the application area, and the
specific procurement. All team members
must have been trained in the SEI SCE
process. This training is available in a
3-day course of instruction offered by the
SEI at Carnegie Mellon University.

- At the conclusion of each assessment,
the contractor's management is informed
of the findings and given an opportunity to
offer evidence to refute any disputed
findings and to explain their plans for
process improvement.

- The results of each assessment are
made available to the Source Selection
officials for consideration prior to contract
award.

Following the SEI guidance, as above, will
provide a thorough assessment of the
software engincering capabilities and




process maturity of all competing
contractors.  However, the following

points should be considered:

- Costs involved with the above
implementation could soar. Training and
on-site assessment for a single contractor
may be well in excess of $20,000,
depending upon location, ie. local
contractor, or one which is located
somewhere between San Diego and the
East Coast. Furthermore, there is an
average of seven respondents to every
solicitation issued by the Naval Ocean
Systems Center.

- The above implementation process
could lead to contract award to an
unqualified firm if none of the competing
contractors are at the software process
maturity level required to support the
requirements of the contract.

EMERGENT NEED
In the light of the current
Communications Department and

Contracts policy to move away from the
large, omnibus type contracts to smaller
and more project specific contracts, we in
the Operational Systems Branch, Code
833, of the Submarine Communications
Division were faced with an emergent
need for contract support for several of
our projects. We determined that the
contract support needed covered a broad
range of disciplines, but that the
predominant need was for efficient
software engineering which would enable
significant risk reduction in current and
future development projects. More
specifically, our need was determined to
be contractor support which could
immediately respond with software
engineering capability cornmensurate with
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SEI Level 2, or higher process maturity.
We decided to invoke the SEI Software
Capability Evaluation (SCE) method in a
solicitation and source selection process.

OUR APPROACH

Since the scope of the support contract
would cover a wide range of disciplines,
We were concerned that a single
contractor, capable of modern software
engineering practices, may not have the
necessary background and experience
needed to adequately support the
remaining requirements. For this reason,
we prepared a synopsis for publication in
the Commerce Business Daily (CBD)
which encouraged contractor teaming.

Because of the considerations above, i.e.,
high cost and the possibility of gaining
unqualified contractor support, the SEI
assessment methodology had to be
tailored. Therefore, we developed a
Source Selection Plan which provided the
necessary tailoring to the SEI guidance for
using the assessment document, and
clearly stated the additional requirements
to be incorporated into the solicitation:

- A prerequisite that any respondent to
the RFP demonstrate that they are
currently performing software engineering
practices at the SEI Level 2, or higher
process maturity, was established.

- To determine the level of software
process maturity, the SEI assessment
document was included with the RFP;
each offeror was required to perform a
"self-assessment". Results of the
self-assessment were submitted with the
proposal; however, this was not used in
conjunction with the technical evaluation
for scoring purposes.




- Technical and cost proposals were
evaluated to determine the relative
ranking of all offers with respect to the
"greatest value to the Government".
However, prior to contract award, the
Government did perform an on-site
validation of the contractor's SEI
self-assessment.  The validation was
performed by a qualified, SEI trained
team of professionals. The RFP stated
that in the event that a contractor in line
for award, technical and cost considered,
failed to demonstrate a current SEI Level
2 or higher process maturity, the next
offeror in line for award would undergo
this on-site validation, and so forth until
the otherwise qualified contractor, meeting
the prerequisite SEI level of process
maturity was determined.

To strengthen the technical proposals, and
to ensure that the selected contractor
would continue to perform at the leading
edge of software engineering, we required
each competing contractor to submit a
"Software Standards and Procedures Plan"
as a part of their proposal. In the RFP,
we specified the criteria to be presented in
the plan. This criteria consisted simply of
those individual elements commensurate
with SEI Level 2 process maturity. In
order to ensure compliance, this plan was
heavily weighted within the overall
technical evaluation. And finally, we
required that this plan become binding
upon the contractor for all software work
to be performed under the contract.

The importance of the technical proposals
was established in the source selection
process by setting a relatively high
technical to cost ratio in the source
selection plan. Our approach to
contractor source selection for work on
"Airborne Submarine Communications"
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projects was successful in gaining the level
of engineering competence needed. By
design, our approach led to contract award
only to a qualified, SEI Level 2 or higher
firm. It did; however, exclude from
competition, any firm which may be
presently SEI Level 1 albeit very close to
SEI Level 2 performance. We found our
approach to be highly cost effective since
we needed to conduct only one on-site
validation of the SEI self-assessment. Our
approach readily demonstrated our
intention, as evidenced by the unusual
number of contractor questions, cries of
unfairness, and one formal protest, to
insure that the contract award be
competed primarily on technical issues.
After all, the SEI Level 2 process maturity
has not previously been a prerequisite to
contract award. Our approach to
contractor selection provided the following
experiences:

- We received four proposals to our
solicitation, each representing contractor
teaming arrangements with a single prime
contractor.

- One offer was eliminated initially,
based on a very weak technical proposal.
This left three offers in the technically
competitive range.

- Evaluation of three Best and Final
Offers reinforced the original ranking;
however, eliminated one offeror from the
technically competitive range.

- The contractor in line for award,
based on the "Greatest Value to the
Government" as determined by technical
and cost evaluations, was also determined
to be currently operating at the
prerequisite level of software process
maturity.




- There was one formal protest which
was withdrawn following technical
debriefings and clarification of the
Government selection process.

CONCLUSION

In conclusion, the SEI guidance for using
their Technical Report, "A Method for
Assessing the Software Engineering
Capability of Contractors”, dated
September 1987, can be extremely time

17

consuming, prohibitively expensive, and
could lead to contract award to an
unqualified firm. The Naval Ocean
Systems Center's approach to
implementing this assessment instrument
in the solicitation and source selection
process offers expediency, provides cost
control over the process, and excludes all
potentially unqualified offerors. However,
the risk of contractor protest should be
considered under the latter approach.




STRATEGIES FOR THE INTEGRATION OF DIVERSE SOFTWARE
SYSTEMS

James A. Black and Andrew L. Meltzer, ARIST Corporation

ABSTRACT

The advent of micro-computers has led to
the explosive growth in the number of
software applications. These applications
can substantially improve productivity in an
acquisition office environment. However,
each system follows a different
implementation strategy. The result of
these differences is a steep learning curve
for users in offices where a number of
different software tools are employed.

The software industry has begun to
recognize this difficulty and has responded
with a variety of software integration
products. This paper identifies a number of
the approaches to this problem and
presents a discussion of the two
predominant strategies which have
emerged for integrating office software and
leveling learning curves: Integrated
Software Packages (ISPs) and Integrated
Software Interfaces (ISIs). The benefits
and drawbacks of each are discussed, and a
synthesis of the two strategies is proposed.
Finally, a case study of an ISI-ISP synthesis
is presented.

INTRODUCTION

The rapid growth of micro-computer (PC)
automated data processing (ADP)
technology during the 1980s has affected
every facet of American society.
Computers have promised to enhance
productivity in the work-place and in the
classroom by making mundane, repetitive
tasks faster and easier. Data which used to
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take years of research to acquire is now
made readily available in minutes from
automated data base management systems
(DBMSs). Information which once had to
be collected by individual researchers is
now a commodity bought and sold by large
supply houses. Once collected, this
information can be manipulated and
modeled through sophisticated application
programs. All of this capability afforded by
the digital computer is designed toward a
common goal: greater individual and
collective productivity.

Because PC technology is still in relative
infancy, there is a proliferation of
incongruous system strategies. Hardware
designs differ dramatically from vendor to
vendor in order to accommodate not only
the hardware system’s intended purpose
but also the manufacturer’s business
strategy. As in any new market niche, an
overabundance of companies has appeared
inthe ADP market to offer amind-boggling
collection of data management solutions,
each with its own design paradigm and
implementation. This accumulation of
hardware and software tools has resulted in
general user confusion. Because each
system tends to employ unique user
interfaces and command structures, an
ADP user’s learning curve can be steep.
The demands of time and effort which the
modern ADP environment makes on the
user can become so great that users will
often avoid using automated data
management tools altogether.




Compounding this problem is the fact that
the computer revolution has, in large part,
left behind senior managers and experts in
non-ADP fields, many of whom were
already installed in top positions before
computers entered the work place. These
individuals have never enjoyed the
computer education of their younger
subordinates. This "education gap” has
resulted in a general aversion to computer
automation in offices where critical
strategic and research decisions are made.
From a purely financial point of view, it is
too expensive to *rain these people in a
broad variety of ADP solutions. Hence,
senior personnel, acquisition or otherwise,
often operate in an environment devoid of
some of the most powerful
efficiency-enhancing tools currently
available.

With all the confusion in the computer
marketplace, new software must be
developed to bridge the gap between each
user’s area of expertise and the capabilities
of the digital computer. Steps in this
direction have already been taken in the
DBMS arena. Over the last several years,
DBMS vendors have moved toward the
adoption of the IBM! Structured Query
Language (SQL) standard as the "data
management language of the future". In
addition, many DBMS products can now be
employed on a variety of operating system
platforms. Several vendors also include
"Query By Example" tools with their
products. While these changes in DBMS
technology have been very helpful to the
programmer community, most of these
systems are still too diverse for users who
may need to access several different
DBMSs operating on a broad assortment of
platforms. While DBMS vendors continue
to compete to dominate their own segment
of a competitive market, the development
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of truly universal, flexible solutions seem
unlikely.

Despite the major advances in data base
and other software packages, serious
challenges still exist for the worker who has
not had a solid education in the use of
computers. Every commonly used software
package enforces its own usage rules, as
well. For example, simply because an
individual is fluen. in the Microsoft Word?
word processor, does not mean that the
individual will find the transition to another
software package like WordPerfect 5.0%an
easy one. The whole strategy for
implementing a document on each of these
systems is different from each other. Other
popular software systems, such as spread
sheets suffer from similar implementation
specificity problems.

Clearly, the learning curve associated with
the digital revolution has serious
consequences for the acquisition
community. Although ADP offers great
hope to enhance the quality of management
in the procurement process, the expense
involved in the training of personnel can
require compromises which threaten to
offset the potential benefits of automation.

What is needed, then, is a comprehensive,
intelligent interface which can serve to
mediate between the user and the data and
services he requires. Such a system would
require a standard, simple interface, which
would be easily learned by researchers
without substantial ADP experience. In
addition, the software would have to
seamlessly bridge a variety of software
applications, accommodating many of the
office workers different requirements.
Ideally, from one interface, the user couid
conveniently access relevant data, and then
manipulate that data for modeling
purposes or for inclusion in documents.




TWO APPROACHES TO THE
PROBLEM

Unity among software vendors regarding
the integration or interchangeability of
software tools has been slow in coming, but
some attempts have been made. From the
wide variety of computer standards, two
major strategies for serving this
requirement have arisen:

INTEGRATED SOFTWARE
PACKAGES (ISPs)

The first and most common approach has
been for a single software vendor to provide
software which includes a variety of tools
for daily office management. One of the
best known of these systems is Lotus
Development’s Symphony“. This package
includes a spreadsheet, word-processor,
data base, and telecommunications
manager through a consistent screen and
keyboard access method. Other systems
incorporating similar features include

Enable Software’s "Enable"s,
Ashton-Tate’s "Framework"6, Microsoft
Inc.’s "Works"7, and MDBS’s

"Knowledgeman"8. Each of these systems
may be "programmed” through the use of
procedural scripts (generally known as
macros) further enhancing the integration
of the various facets of the system. In
addition, these systems permit the user to
integrate textual material, data,
spreadsheet results, and graphics into
unified documents, and to communicate
this information electronically to other
local or remote offices. In general, each
integrated system provides many of the
functions of non-integrated software
packages at a smaller expense. In most
cases, it is far less costly to buy one
integrated software package than to
purchase individual packages to obtain all
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the capabilities of integrated software.
Figure 1 depicts a basic ISP.
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Figure 1 - Integrated Software Packages

A number of acquisition offices have
successfully employed these systems to
achieve greater automation with a
minimum of training expense. Anexcellent
example of this approach to ADP
integration is The Paperless Procurement
System’, which uses "Knowledgeman"
ys , gema
integrated software to provide users with
automated procurement forms, as well as
other general office automation tools. The
system, which has been tested at a variety of
government offices, allows its users access
to a complete suite of tools, while requiring
the user to understand a single simplified
interface. Much of the system is
menu-driven, reducing the need for the
user to understand Knowledgeman’s
natural language syntax. The system
includes the added benefit of being
conveniently portable across a variety of
hardware/operating system platforms. This
portability enhances the long term utility of
the system, as acquisition offices grow and
new hardware systems are required.




INTEGRATED SOFTWARE
INTERFACES (ISIs)

The second approach to ADP tool
integration has, until recently, received less
attention than the integrated software
package. Rather than attempting to provide
a multitude of office automation functions,
the integrated software interface provides a
common interface between individual
software packages provided by
independent vendors. Figure 2 illustrates
an ISI based system. The most prominent
example in the DOS environment of this
sort of interface is Microsoft Windows .
Much has been made of Windows’
Graphical User Interface (GUI) and its
new multi-tasking capabilitiesu. However,
Windows’ potential for integrating data
from a broad variety of software packages
stands out as one of its most powerful
features. Windows permits the user to load
several different applications
simultaneously into different logical
windows, which may be re-positioned on
each user’s PC monitor. While each
application may not actually be operating
simultaneously, the user may alternately
access each application using a mouse
pointing device. To permit data exchange
between applications, Windows
incorporates an important "Clipboard"
capability, which allows the user to copy
data directly from an application operating
in one window to a completely different
software application operating in another
window.

The benefits of ISIs are many. One of the
strongest and most commonly cited
arguments in favor of this approach over an
integrated software package is that each
tool (eg. a spreadsheet) accessed through
an integrated interface is optimized to
accommodate its own purposes, without
regard for other tools with which it might
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need to co-exist. Conversely, the
integrated software package must
incorporate compromises to accommodate
the memory management and consistency
requirements of each tool in the set. By
employing an ISI and avoiding the
compromises inherent in ISPs, offices are
free to upgrade individual software tools as
the state of the art in each tool’s arena
advances. This flexibility is not available in
the office bound to a particular integrated
software package, where users must often
await the introduction of integrated
package upgrades before benefiting from
the latest software advances.
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Figure 2 - Integrated Software Interfaces

Another, often overlooked advantage of
the Integrated Software Interface is
primarily political. Insituations where ISPs
are introduced into offices where the use of
disparate software systems is the norm,
there is often strong resistance to the new
package. Each office in an organization has
its own requirements and will often exert a
great deal of energy learning and
optimizing the tools which they employ on
a day to day basis. When higher
organizational authority dictates the use of




an ISP with the intent of enhancing
efficiency within the organization, much, if
not all, of the prior optimization effort must
be discarded and undertaken again. It is
understandable, then, why the introduction
of ISPs into a previously automated office
frequently meets with resistance and
sometimes fails altogether. ISIs, on the
other hand, face far less resistance.

The modifications of office procedures in
order to accommodate an ISI are far less
demanding, and are effectively limited to
the learning curve associated with the new
interface. There is no requirement in this
situation for employees to abandon
software tools in which they have invested
a great deal of time and energy.

ISI - ISP SYNTHESIS

Having outlined a number of the benefits of
ISIs, it is important to note that they are not
without their flaws. ISIs do not supply one
of the primary benefits of ISPs: a common
method of access to all tools used by an
office. Returning to the Windows example
offers an excellent illustration of this.
While the Windows environment offers
some important guidelines for memory and
interface management, software
developers are still able to implement their
applications in unique ways. Users must
therefore refer to users manuals and help
screens to use Windows applications, just as
they would for other more conventional
applications. Hence, despite the potential
that ISIs hold for integrating data, they still
do not reduce the learning curve found in
offices where a broad variety of software is
used by various personnel. Merely giving
the user the ability to interchange data
between applications, does not necessarily
mean that the user will understand how to
properly use all the applications between
which he may need to interchange data.
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One instance of this problem is found in the
realm of DBMSs. Various DBMS systems
offer substantially different interfaces and
query syntaxes and follow different
paradigﬁls. For example, the popular
dBASE“ data management language
employs a record-oriented data
management approach within files,
whereas  distributed SQL or
Entity-Relationship cata base "engines"
process complex queries for the user and
return the data in sets. In addition, each
DBMS, regardless of the standard to which
adheres, includes unique capabilities and
quirks, which appear as a result of each
vendors attempt to optimize their own
software. In the case that a user wanted to
query an ORACLE® or INFORMIX!*
SQL data base server he might type:
"SELECT <Field> FROM <Table>",
However, if the same user desired
additional data from a ZIMP
Entity-Relationship data base, he would be
required to type: "FIND ALL <Table>
USING <Field>". A truly integrated
interface would have to accommodate all of
these approaches, as well as others, in a
unified and simplified fashion.

There is an obvious need for full-spectrum
data integration, from data source to
modeling tool. As the discussion of ISIs
and ISPs shows, this need is as yet
unfulfilled. In essence, a synthesis of the
two approaches to ADP integration is
required: one which offers the flexibility
and optimum capability of an ISI while
providing the consistency and moderate
learning curve of an ISP. Such a hybrid
would have to be flexible enough to act as a
common application interface while still
accommodating virtually any application.
Clearly this is not an easy task. In fact, for
certain applications it might not be
appropriate. For example, the idea of
having a standard interface substitute for




those found in individual word processors
leaves a good deal to be desired. However,
in the case of many DBMS products which
may be queried directly without the use of
vendor specific interfaces, this idea could
bear fruit.

Imagine an office in which there was a need
for a researcher to query multiple data
bases on disparate platforms, integrate that
data, and manipulate that data using a
variety of modeling tools. In the current
state of ADP evolution, the user